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WO 2007/ 056093PCT/ 1152006/ 042870 REPLACEMENT METAL
GATE TRANSI STORS W TH REDUCED GATE OXI DE LEAKAGE
TECHNI CAL FI ELD [1] The present invention relates

wiPnsRis@enduct or devi ces conprising transi spefgsihddizgzo
netal gate el ectrodes. and 5reduced Xj%ate oxi de | eakage.

The present W\‘}éﬁﬁg F’E&ﬁg@} %O%HB fifcabl e to
hi gh speed seni conductor I'ces "having subm cron
TECHSsgdi@at ures. BACKGROUND ART [2] The integration
of hundreds of mllions of circuit elenents, such as
[01]Viranshisiventien relgs tase@lcmglhc@r et gma:{rie@ t@hgis@usivtith metal gate elecirodes and

redudd€ GRS %}h&alte&%ef U R@s@nt QBB Is %dxﬁ&@alrl& G%h@a@% 5L speed semiconductor
tion of the physical dinensions of

a
demfsI?aélﬂﬁg%lnlfﬁldéilcé’%ﬁie% i ncl udi ng i nt erconnecti on
structures. Mcro-mniaturization has engendered a
BAC&ﬁgﬁHWPé‘RTFncr ease in transistor engi neeri ng

[02} "f"ho eor ?( on o¥hun<§ré'clig of JmI%onts htecucz chexye% s su h as tr% 9r§ gu a single integrated circuit
al 0 £ p

ncccsrsﬁaﬁﬁs @1@ drzfnpbqﬁc[al}pg d*@‘ﬁbﬁf Wfa]ffﬁmé‘tf\zﬁ'elt G? de ph}ﬁﬁ*ltdp?ﬁapséma of circuit
elembriip Imam;ﬁr& iftefonsoish Geskehicai MicfoeghiGmiatios hdsi BeatBtell @ Mraditic increase in

transg@; n§1§m c§%gﬁ 4.1\@1( % tiﬁslnc‘.ug&{jof EHJietdlvﬂh @op%' de@%'all wafers, halo implants,

cer S
tip "Efgz\"f‘* dilglﬁ;gﬁie%:d Fhéia lsﬁuFt&gs Fﬂllb{ﬂ érﬁléxgsdfobﬁé:f:ezctr? zbﬁgu()ﬂs Q:hcxdat:on of gates and
sourqykime eldegitiplo Afcgaltompo fiemtasple.equi ring high 15 drive

03] ﬁié Bfu%liﬁr Sigh Ekrf@ﬁtﬁﬂc& lie@ﬁl'esth%h (WelvYs ob@@xk@&@mcr&ele&romc L}&H%HeiltS requiting high

dnve.ﬁurrents m {]ae t1<>gkJ lowel éae 1 low qulfl sct'gezf%rdcn o 1€ upeSlfl)
Stmcw el ﬁf@me earfme@v |tee1@ngai0 H@‘ScleIﬂéﬁ“?dh@l"féﬁ@‘éﬁﬂ"ﬁwﬁ?ﬁt fleersgly frpnagy foakage
curredver sel y i nmpact | eakage current. [4] Metal gate

[O4]Iﬁ tﬁ%gtg QQE&E{&@ eevﬁ%ﬁ lon ﬁa JvB ﬁlle &Rfegﬂcﬂ%ytr&%ugrgblys%wm depietion, and

uci ng |eon eti on
fed“‘i‘@d’t?&‘isﬁ’fé tﬁ’fpé‘&térg é‘ib?‘f@”"f‘é%%‘? ﬁftt%ﬁ"ré“‘é‘ﬁ’b deyire Rtimglgpeppagplgpement metal
gate g@atess floor ABituingNgatd, puclh pd@tysiti@n, inpdren@rity drgépd acene fitlowed by metal
depomﬂlal 20 gat e pr ocessdf | ow, a dummy ga_t e, such as

renove i,

[05]] ‘Se/ x%r%ileés] ng? & e¢ cﬁ muna[ngl]z%u]uhrga/u}rféﬁ %ﬁ&ctéoél de g? Ife\z}tgre ts ranmators
nclugipgegate ewdqums fr wethlzait romstare Guihees odedeyeis oipd brieduesd fofgghieve a very
thin §@alvE 6:@deShidQesOfEQY, aNSd Hle@fvS hasibbdl idivh@ FakBaONIfER gate oxides at

tlnck{ieasx Jx%om‘%EAE“?a&é%'ofg%a%aJe [@Asi stors. Such gate oxide

ced to achieve a very thin
(061 Gt (e 6Tt PR 64° oty barhg & "%%Txé‘ét“’“\‘/émﬁ%fgd EOT with
redudo® Bikade lchrtb8i ViBerd flsoakibiepded fog mbimdblogymngpadgahobtirdeaisn @tsemiconductor

\q}r) C(%n\uzmsatlou Typically, the

.dcwcgsSc,IoghrElﬁE ERRISRe Qrgns@:a@ Hatvmfg §Aatp$&@ URd aquugcg @O{‘ %%@&%nﬁcmﬁ device

current. | Accordi ngfy, there exists a need f
edrptal gate transistors having a gate oxide with a

reduced EOT with reduced | eakage current. There al so
DISGARPERISOIITHENYEN GPN et hodol ogy enabl i ng the fabrication
[G7] 1}:1 advan!p%:tog'?}g upﬁe%e%{ 1nva(r:1!tteo\1/1 :gz%e gcmxoc)% éor d-e\fx% havm %ba%aeisgn 81'& metal gate
electipfetahyn gpte s&@ﬁlﬂvfngereﬁlgedd@? apdredyipsd édkag@@rr@r SCLOSURE OF THE

[OS]AnBﬂf&mr@éle of the present invention is a method of fabricating a semiconductor device comprising a
transistor with a metal gate electrode and a gate oxide having a reduced EOT and reduced leakage current.

[09] Addition advantages and other features of the present invention will be set forth in the description which

- follows and, in part, will become apparent to those having ordinary skill in the art upon examination of the

following or may be learned from the practice of the present invention, The advantages of the present invention
may be realized and obtained as particularly pointed out in the appended claims.
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[7] An advantage of the present invention is a
sem conduct or device having a transistor with a netal
gate el ectrode and a gate oxi de having a reduced EOT

vangor&dag ed Ieakage current [8] Anot her ady@%@g@(,@fﬁ,

anak NERL. i nvention )

(oG R T dBUTED. o ABRPL A At PARGIEL 67 IRTH 3 b o
semigepdugipr dgage conplivey rothetriisnelzate dipteetac loyer dahoyalvinatrg e eror@m}ev@ﬂon the
gate #Lwia RGk: Ta QLI l RBED GEon G hoRiHs layes3 BhekddD fhe Polebiitel 98 has a graded

compéqtrof‘ﬁ‘%@e%%e g%EQwP%] mq%yerf aﬁc@tﬁxéér!}e‘?a%a?efere&g% present invention

SCT I whi ch foll ows :
[1E1 Eggbppdingngy OE)%W gresenfnpgntiqy S ampREe %gﬁt eéﬁlmspré viith e i e ﬁg51 icon oxide,
and a@cthcina fayer Skaiednl Abpactd dféisaembodin@airiacBxeairarative Gaer ofmytiki@ an amorphous

car botl QJyJ:rQMtaQ)%g %gtaf@r%rdpse forn%g rb{ﬂ %ﬁhsfn% Ham it fn)ﬁ tﬂ:r @&5 Ue&r%degﬁto Eh@ @morp hots
I nven

sent Th
R o e PR R L S T T
80 at o iepvroaihaig ke ipteriac betvppp 6 deetpiphagdarpgn laydp\@nd the metal gate electrode and
deore&@@?dmﬁ&%ds L&&%QQ@{ @388 B ErtlQ] 1A616 QHildd Gvith Qhet AR oxide layer.
nvent

Embc;dﬁ:{‘er?tssaﬁ rc])tinciude dicposr 111cr ah m %ouq carbog 91 9 AINiNg 39 'ie ?r:r;n.e Qﬂr‘%‘rm gcgn%r% such
achi'e rt 05) Sem tonduct or
as 0‘%%}5‘F‘i°§?‘1@|/§‘n“5’g‘§1ubst rate; a gate d| el ectri c I ayer on
[12] AnbBer 84HOS i@ tp@icn@inyitidl B @ bdnv@nduay @Eviod fontphigngg @ tudstraie; a gate dieleciric
layer O Bk GGGk Ccm(i AY&h gate?&éitr&re '8?‘?&:@ qt&@ﬁe@tm@i&;%? %Ggf? ﬁﬁﬂaté E‘r@ecmc fager
rot ect | ve ayer wher el n, rot ectiv

comp@sreé ak 8“%01%5@1?%%1 At g}irweléqﬁm% # érel@céﬁrc CORFRY @}: ngr%/eé it aréﬂe?nd silicon
concegirptid eifigerfyest eflthe gsitiadave] vabithe odperate Bfd Wit thEmydditneaetrsle.of t he

{13]%&&%& mcmcemﬂu@m ) ralarer:tﬁ@rame@oaabnﬁata @rybl AP cBEAIS sWodalbn the
substr]ate gc?c ox{dﬁ \r/er CO]ltalang the hzlgh dwl%cgio cr:mxtam(gI %de gn gle %{SP po%orlygatgme stlicon layer,

and amcmdémr elrelvirgipdine %@mut@wﬁ@e 1afﬂr arhrdiepshidiegncber oleei Pty er
[14] A06Bdr abpadt Y tRBEednt GHdlintie s, mefiod BRebDYinglk fsébishhgionBhal having a
trans%t&%rg Ir?l@tai%ﬂg §ec§$d@ Ctltre n%gxgd éoﬁbr%mtr hl%rn@rmrreﬁn%gﬁ oggg\gxoarkubstmtc with a

tratio
gate “Ffﬁ‘?‘& %)(ef V"fe‘f?’f@e‘lc{&‘i‘i‘é‘@ﬁfjreﬁft‘i‘cdrre‘cﬁ"e‘t“ﬁ &Pt apd e@%&?‘ﬁa T urpey sgiace of
the requp@bit gaBOrembving Yoo approXigrakeist reopknnt ér thealidectielbyve éindtl higts bottom

by th@[{ﬁg @ig&'&é l&@fr HeR.d.aY 8lis aRd LIyQ@poEE@tsﬁrkaceg QA Qe @leﬁ&&f Qﬂ*ﬁ fﬂrmmg a

pmtecé%e 2 u ?b 1 %ate dﬁ}ﬁ:g{m ?heéaﬂdﬁfllé% ?xgepcmﬁ fiﬁl%?rﬁlgn%ra gt%prl %a.te eg(étrode in the
openipen yharsin, Berbroditirremicshagh gradeil proipesifien beesh ol gielacﬁno layer and the metal
cate cROBAPHOUS carbon | ayer containing at | east one

{157 E?r}grg mt’rentg nn%!u © (%i qiﬁn,, G ﬁ?elrl %F as&%ph%%%gﬁ bé%lmlnllcqp\l;‘]l )0@?1@1{/8{10:1 (CVD) or

rese n
dtom*r %yead{g@ﬁ% 8 erdélra“&retv i“b"ée"aé“cslr?ﬁrpffé‘?fﬁtj‘ dlf%lbeéltr[ﬂéf S - (80) il

(N7, gadhen dhel aditdinem My Bfito dRarkd@os tHish ket @ forantd matanebigds decreasing

in cm%aﬁmerm%&rlrr%?ga%emg@ E%Ls@m %&Jﬂ@&tcrrr,& 1aly@ryoerr;@ gaeé/@arc@rrcrrayel
ctric ‘PEr sSes an, oxi

16] Aé%%ﬂ%.aﬁwﬁﬁ Saoﬁ%wfr% “ﬁ%’r’\}?lh"d” 580?% BEPRRE AT aﬂra ? 3%‘ art from
the folicveratdetrilet Famipdbp, @ndinginbddgonts doveetriataun st diseitbel fimgeky way
of ilh@fatid @ 1@k Riode AWM Vé[leli lfor th@ing W sk 'i)@geﬁt i aRHoNM waﬁih)@ realized, the

presenrm&v%%uoxg a c%]:la%{e o?totile and (Lfl' t Qi%o&%my% d“sgscvclflaggctarg are cagable of

modlfbéroy er%(tuarﬁrvr@h%c@rqt% eﬂbr«rﬂrerr drm’éﬂ%%ﬂyslhr a“?sém igvppiiony xpegesdingly, the
drawihe@WE KesorpQet gkl (e RGartidaas Nisghivelb edned iring acemstiant  oxi de
on the first polycrystalline silicon layer, and a
second | ayer of polycrystalline silicon on the oxide
| ayer and adjacent the netal gate electrode. 20 [14]
Anot her aspect of the present invention is a nethod of
fabricating a sem conductor device having a transistor
wth a netal gate el ectrode; the nethod conprising:
form ng a renovabl e gate over a substrate with a gate
dielectric |ayer therebetween; formng a dielectric
| ayer over the substrate and exposi ng an upper surface
of the renovabl e gate; renoving the renovable gate
| eaving an opening in the dielectric |ayer defined at
its bottomby the gate dielectric |layer and. defined
at its sides by exposed surfaces of the dielectric
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35 present invention is capable of other and different
enbodi nents, and its several details are capabl e of
nodi fication in various obvious respects, all wthout

wiepaiskdg fromthe present invention. Accor difgbyeedingo

ordd-awngs and de tion are to be regarded as
Bngjﬁﬁgﬁgipﬁggmgﬁﬁ@N¢ﬁre and not as restrictive. WO
[17] ngﬁdu%(? %&E&T éamggﬁé Qé@&l@hﬁ&%&u@ﬁ%@ﬂc? Ma%’wg:an embodiment
fmer [17] Figs. 1 through 7 schenmatically
LG TP PTAtE sequentlal phases of a method in accordance
[181Rgst dihrayh Ehvbodnhearentipfphasds ef goptees erpftodimpny efiteiprsppnt invention.
[1911k £@4. FingSeh 18, stndb:Qaa@hs d@dehRRHL SR rehefldeRti@b. phases of

anot her enbodi ment of the present invention. 5[19] In
pesEPSonbrtE Wk sim lar features are denoted by

simlar reference characters. DESCRI PTI ON OF THE
{20} ToBVENK ithhfoR Qdrethed plvesseddtents Meadhhd Y acdf@ss padicks relating to the

fonnﬁgzlx M[e}%iygﬂchp La%ecf@t;g%s engl?‘?lﬁob HQQ an@ QBY aRE |h9ﬁ] ?c'mt@ﬁﬁ&l& 14EfeS slower

tin con
orer T oHES AT EHFOBAErE 2t Bt P Sy gfrpting to seduce
the ggte g-p@ttiuw‘ts;yofaw@cerdq@ ree! gdgh@mqorsmg@nrﬂathcn@c&sippgm curffifand reduced
ommﬁﬁﬁgﬁmt i nventi on also addresses and sol ves probl ens

at t
21y l? F] Jreig,n mventmx? adgressias a%[rsp ve nsgc blqems erI'}/ glo¥1c:l'm met:?'t? oge gra%ms(?orq ﬁtﬁl gate

stor s,
oxide Baving ¢ Fedurs LY Wé‘é‘kﬁ@‘é*“%‘ﬁ‘?*’rlé fekagen eig riegusied hé)"ﬁi’é raa*thkw@é of less than
154, spead.thidkld of The 1pkes emtA bynatedkubOrhic ddhessetg apdiesiod Iweson the

gate é{% haer&QJh%'?&ec@M lalggr (Hé/s a raQiQi mg@ltmrggctv%cé HI@QJ?LI &Idg [a?er Wldttm? gate

te oxl d havi ng reduced an | ncre
elc,ctrf)q,? [T‘yé‘a kl&@ Férmagond)f a gx@cﬁg groﬁ%vijiégcr F?glwzsds@"csé b‘it‘f’ﬁe[bwﬁ eagzse e6tfode and the
gate dx@s By, tanbyk&iAingsieleds aak heacet iruck ivdlgge cofenbA t 0o 12A, e. g.,

[22] z& QPrddAd v&u@%!agudguﬁssofmlp@e@ne mhm %&%ﬁ&ﬁﬁ a ?emgfaglt: 80N sate,
X ro

such fs ve{;fcxhs gllme s1hc 11 t]aal 81 no% 81181?r|§1imésnc¥lbo gom%dh T the e%posed %&?& qomde and
lining| taq/menuaznc@a%@f lglaqveln &k edmnytentd. oy evetal Ml st Wﬁs Nofo.gfo. & then
depos@d BURG Bf Digal théé&mﬂczﬁyfﬂﬁhnngd’ldE}Qﬁ fofih 1€ &:ladd@EnReR gdtd) Subsequently,

heatugq} (%ncﬁl tgp té rd?gs% n%g,pfr E{pt%% 91951 Gai@% elec gdc @Y Gl Sx Sngsect?r)gon laycr to form

ects an ence, ices | eakage curre
mamf@??“ln accordance with enbodlnents of t he present
(23} Bl ON the afeicsrumﬂmumlmg hgatine oY Bibbegrtuay of "abkurBAPC ig F0EC, c.g.,

40()"C§5 @)@ Iﬂjoﬁsf:o @cccﬁl@s ty Qﬂ‘oyt%tnéxlukb% Q&[cﬁ&akduﬁqp is gﬁgp%nopxﬁte aﬁ%ﬁ:’fwr@guch as argon,

ous carbon | s Y
A NN T RN o s——
metalityg tHe daxratppttodegdiffises i thegtraiphdugspdipn lag et fomss cq'lgldesz in a@gnouut up o

about M@ at ks b egaulm@rasa@@ﬁ of %Ip@wae @yel Ghe ma&alconms@da,ara&naalng a higher
amou% 06 methl caxg s ai %1111%@%1(,(, oir Lm: amc ho S c%rg(glel%yer V&Lﬂ% 1 Gale &Q%ogﬁ decreasing

acros§ §ig mutrmus @l Iabﬁlaioé‘eeﬁld@ ST REEYNES B a?ﬁéf&isﬂveﬂtm include
heatin@ as Bidike | n@WE Gork e fo@tamaredlatod€ artdihe @sorpHo@3darbiiage konmt $ graded
comp&fﬁm’i Qﬁzp}?sl;n%%@om 80I p“?exgettall Qarblderﬁﬁglmld}g@ éﬁqgrfa&g«vlﬁlqw%Elacement metal gate

nmperature of about 0
°‘C°“%f‘6 é‘iﬂi“a‘é’de%"éﬂ‘@r?ﬁfgss fhE)‘”%?H%B‘Eﬂs ORI f°€§°“°gﬁﬁté’F At 6’#"’0“’“”“
the infedacanitaippriopridedte. atvmospher & crelsd rrassitan gbmees pinprtbieistween

the ga@lox@e IE;%F 1hh DStaIGRS o1CQHR heftb NP 8ROk ss Andy Rbce, LubiYHREEBsulting in a
vol .. % nitrogen. During heating, netal

mmw%qwmw?W”m“mguwm¥§€F?%ﬂ%$ﬁlffuses into the anorphous
[24] Icgptyey ﬂmtroélyletrf ofgprchrbar insntivntthelghtel edde laye iy fﬂmaﬁofar*mg figlectjly constant
materhiQe. @QkHectBnaddial hding T liledi@ SbHsthil: () 2:B4udr ot &t e@alad 4, tili1 based upon a
vacuuﬁir %ﬁgo:&ﬁrlgﬁrlﬁgcg r’g] 1@}5@{&1& ivenfh nqgcglgggﬁxﬁg%gé di gchln: rl}a;‘yg?%ug%giklo icHhaterial

the anor phous carbon | ayer-3wi th the gate el ectrode,

decreasing 30 across the anorphous carbon |ayer to

the gate oxide | ayer. Enbodi nents of the present

i nvention include heating to diffuse netal fromthe

nmetal gate electrode into the anorphous carbon | ayer

to forma graded conposition conprising about 80 at. %

netal carbide proximate the interface with the

repl acenent netal gate el ectrode gradually decreasing
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[24] In another enbodi ment of the present invention,
the gate oxide layer is forned of a high dielectric
constant material, e.g., a dielectric nmaterial having
“@ﬁj)ﬁj.,a@*gric const ant (k) greater t han or eﬂ(u@hgzt(,g)ﬁ,(ﬂzgm

havmfr; a E1Qec%ﬂc c:onst%lgj 8\?] thﬂo ?ss\{hau abou 500 '1:81 abrg‘l?tqtt§ ]tesq thar {%gut 96 q:?n%oJunents

of thfapr?ﬁué |H@@fl?la adso rgtudy foming W%wﬁte%@%ﬁ@w U‘S%*D@@?G@’&E?}‘FW (k)
materRBMiing)a giclectic @bneedt ) of wonFttatbbut 3K )e.gOfibodk 4tt0 alo@S9. Bhi@iNe dislectric
matcr@xg QHltudeBIQiQ)g, }ﬁ{ﬂf Qnd@ﬁS@; Qy gucl‘"erﬁb@d:nln&é% htashl%& f@tpx@ %LIH%QCOUS to form the

I ments o esent 1 nvention also inclu
gate crx&lle :l)ﬁy 1f‘thhaelu%1acf)1é;e1aziaté(1n é)(t"tmlh?oE al'n,ﬁlt IétFrlfagﬂ bcfxq{c&rhi:hc caten?xgc‘% layer and the
substglt @rldeeetﬂle iingerfga@ rysitvepn tthe(dele ot lesrer @kt teasplamgped ngiabdascteptiode.  Other
enbo SRRt @ lde ("(Juﬁx)lg Qﬁay@}bf? H&lyﬁys{talgneasjﬂﬁ&ht at %Qamt@fagz betw@ROMS nigh Biecuic

conthpgﬂp 06§e l'alﬁﬂ anldls?%g %jn& ayez otléqrc{ﬁ/crﬁn%‘ilac sxlacor% fét the mt(hgmn, bgtwéenﬁhc high
dielecfri mvaaraé%’ﬁf?fa@@wé the @Plﬁfswm pepbsateSloginte oxi de | ayer
{25)] AMetnbbdanchiophe SQBE RMfid@td @mmaa‘caisiuluktﬁ@mmatgs arhrdupit BrAdae@e to Fig.

1, a tgﬁ}eo%elj%ﬂatogﬁe g u%mg)%tg?i s@(‘)ﬁem! ﬁﬂ‘ﬂcoﬁa 31? f&:%%‘%/&%b@tlat@n@ vﬁ'& a pate

interface between € 0oxl er and
diclectrig iy e ietebetred gt @%\iﬂé?"’é PEEt Fﬁﬁ%“me@f A t}“ BHHOSThE go  inolude
depositingd highalicfegriavomgnianaleaa & the fatepleytds st &l dughrre Zrdk, Hif@Of:0at HISIO;,

G-, tL!i@ f%;eafuf @&E Qlﬁtlwmcé/‘lﬂﬁn Eytﬁlkng |iﬁzl:§ FEEJ fonc® O BLeARbtly, dieclectric

szdew%ﬁﬁpac%r %uﬁ] ?18 h1¥0é>11 gxx ei 5(1:118 I x‘gflge Séhcon ct}\\én?tflcgacgéc omtecf! on rcmciv?,l'ﬂe gate 11.
Ton inpfapfptiog] FSéllee empcled o b tdeen songpgfrain esgiprd 4| flped by pilioidapies to form metal
silicide Qpdr A€ &mﬁd’ﬁxp(ﬁﬁtsfﬂfacﬁ at @e eheddi: 06880 1) kb }s ivRe! bRy BRBiting a
layer 8‘le :%.Elc'{] %@Mﬁﬁ%? %an{g[z‘l%t%n Etép%gluét&ed%g HE r[%!e Eﬁp%nle;{tedl 111 A ééﬁ\;e&tglla?ganner

f26] A@s@ﬁtﬁ% Fanr] Zfaebyea %qciétc allateraa& ﬁ"W absa[tc%n %Iie esguéﬂco&édec formred from
tetraefg | dytE:lSihbcIBO(]T EO$)s isf @paved overd sublshicdt reecib@icaMpbilshisg M@ forming

chelecﬁ“c ﬁbe@ 6. rIl s@xoulim @Edu%t%odttmi@ Elﬁiﬁb@%cﬂ@&ﬁvam%u&goésﬂ §n|d Isdu?c@/ﬁ‘ram regions 14
resent nven

s oo R QBRI N i G BE PR GO ECAHE Ry e
stage fligetrattdhio Fgalt @ alifimeliebt Tig. @ o apepivdl® eveg aicthe strge Hns@ated 493, prior to
deposﬁﬂgﬂh&é’plmdn@ﬁl&mtai—g@@ 21;:0&&&203 and Tagz Shal | ow

t en re.then

1273 Aécflltzl)srtrgtg({ d'i iagll fp reff accmi:n (f?lmmy et egll is Lamoveci Fs%g”?l%ngf eg., 1§mrr a so!uﬁon of
1ydlog§u<‘sqqd| zﬁa@) ﬁttl@x'iplélél ’u,gt}cl aiutéoﬁn ﬁpotc}apc‘@ @ity Aspedts| qf élwmbodmlcnt a layer of
amorpBoay Brition HUlR depatied fraiecpaihy cenaMabdnevigatheddumy pbigdlicon gate 11, as
schcm'qtﬂmy%n%tﬁtch Qrﬁzo' 2 ]EIHJ%E‘EIH&Q&”(Q H19 Fxgsgnttuge[ﬂch&r 1H@11g§§a9031tm0 amorphous carbon

rcel/ drai n tegl ons X l'icidation A
fayer 04 Y et AP drgedy. g [aV"‘&?Fealn‘orf@”bﬁ‘bf‘Hé 8 “ﬁegéteﬁdh“é(ﬂ‘rsﬁf ‘Qé‘b@ out 30
such agfbott hetosioursed/edr, diom 26 @Fis nSitdbs:, resglly ohy Esbiriad keflepositing amorphous

arbozﬁhsjcﬂa@dbg&amékrgﬁﬁﬂbﬁﬂjoﬁrlg a layer of N and then heating.
S_ | us

[ZS}SIMa ng:ﬁ‘xegt r}féas 1ﬂu drate?:? m g 3 AN a Iaéer of con(}uﬁwe gneri‘}:enal 5% l(ﬁléjs {aziéum 11:tckel cobalt and
molybt!qn}urp:ls gepegtcd as qyay)éysm@}fvapgr @p@@@q qccéuugrﬁt gmﬁhodqmentssqféw pgg)ent invention
corprBt Hdp6sithg QX TGk 1a@er Bf me&l, lsitch QN ta@Xd enidkar eade: b @IPbdedlin, and then

dcpom‘ r%t rlﬁglori’%é?cpfdlp‘?% IClu L i ?t @MF T%}}% i 16%1%\7%?@[3?&51]:29 E{e Ilp%!er bLQ'}Q@Eq)f the

ani cal
d@?@bl&fﬁ e fneferraéf}léfﬁbyzemvlqﬁftg By %Pt%i@ e Ered g é t hat
[29] Insdnathel ovbogioen ©&fhel pasent iextt@ensheon®mplds eaddn Searic@pditaibn CVD and

contau(s%gﬂezfgnﬁe J,-l4me§tr Q!c}g%tok)\é@tt QQGopyndmttgnmt EARGHALUh Guak 55‘1.[@]1 by CVD
as at a tureo abopyt 900C dy

anneal, an
usmg g)B/OWESi alét A[Hﬁ ngflgl‘ﬁgnl | | ﬁéftc Gi\)ﬁenF Sk COIl fil (i} nitrogen in the initial
alternatively, Fig. 2 or alternatlvely, even at the
stage illustrated in Fig. 3 prior to depositing the
repl acenent netal gate el edtrode. 25[27] As
illustrated in Fig. 3, replacenment or dunmy gate 11 is
renoved, as by etching, e.g., using a solution of
hydrofluoric acid and nitric acid in acetic acid. In
accordance with aspects of this enbodi nent, a | ayer of
anor phous carbon 40 is deposited lining the opening
created by renoving the dummy polysilicon gate 11, as
schematically illustrated in Fig 4 Enbodi nents of the
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25

30

35

40

35depositing a |layer of copper (Cu) or a Cu alloy. CW
is then inplenented to planarize the upper surface of
t he deposited conductive material, thereby conpleting

“t(hg,mﬁ(aj;; gate 60 as illustrated in Fig. 6. pb29kdofsni2870

afnia ahcvus ca%on %yﬂx % r{lj{%g‘d}uceso fstregsha% ei‘cc sergstultm gn?%fl{?%n ’ther(q.;‘blgr reducing leakage
ous” car eposi

C“”et‘,‘ont al ns at |east one eI errent such as oxygen, silicon
(30} &iﬁbﬁquﬁitmf regeds is fpibodimeadngd knd lem@keaude PO bitt I36AC By ab@WB00°C, e.g.,
400°¢! %rr}ﬁ)u%xg:%s tosabdumgm&él u'h@ va@ﬁ191 o@ kstaﬁ ng)%guatc alfh?osphere such as, argon,

i'ncl usi on of Si and/ nitrogen I
nitrogep, P4 {y{ming\agH ‘32’6?5’?‘1&‘)"%’8‘6@??}(9? |htf’“§?b€t*}%?lt?&’é’§ 70 ér“%ﬁ’fen PP‘ﬁ’ﬁs heating
metalCfambib rdplagpeent trtit dae rdiffued inetBe sharhgs @heh def ¢lcfogning carbides in a

concdn@Sibhl ﬁxhcm Ay Lk QB HRSR: mt&ﬁg‘ert%Munraﬁ:%Edup&njcrﬁ @a@&‘g@ and metal gate 60
birn la c*f %QO\FC!E (;%Q Ehel%/clnc Ii]aycr%l nl%e rcfumé%gn&ct%re is Xhé)wn 1{1 Fig, 7 with

ure’o
GIGIH@U@@PW@H@E ﬂw BOBEye Iﬂ@rof gitronlipus P08 v iva ahstalicesbigds digrein5
[31] T¥hilHlty Riting 66k ctod BGIHLBAIGIENs I SticRiRt 1 PHRE QP @i &4 AETDSPRE MBe netal

carbuﬁe%glnen%guon @5 9@9 rang,e?fngl {b&g ?/@!ﬁ o) {)rogmgtp L axag‘%:g @&wcé%protectwe la}er 70

nmprisin dr ogen an
and nﬁ:f.a{ ¥a&geéaﬁuogzﬂ9rqrquallh%eé@q5ﬁ§ ACFRsY th t}nr;lfz%slsnof ﬂ%tcclt“@plf‘yérc’@ Afbpit 20 at. %
proximst @d mtglaﬁtcebf:dleéﬂfpms'e layet O phetearids jpholis Poartiyolyel #yhering4@raded
compgﬁfomﬂﬁv%%ﬁmaqgﬁy thEhel& d@&ﬁ&x@r@ﬁgs@-ﬁr{do&n&r adual, Mafects generated at the

pate "%eﬁtrrc}dgg'z%e! %}\gly é %t ﬁlags %){e réfe%%gt Cén &Slﬁl@‘}gg&% rel uccd WIH%ut an attendant
disadspipdsom tenyer legigectepvealy d gat e dielectric |ayer 12 The
[32) AnSiSdd lextlu;da@ersbfau&lildswnesnimscmﬁMmaam&tiaaul;iugm%d W HB. saheFR I, AlQerting

o I“ighgg[oge%s%%’e% ﬁﬁer&n% Q}F- of’igs lh}énqnh 3a¥;§ rS e:,sEré%fP ?JQQ&H&T%QQ{ E gn At this

C ar erein
point fig gitf Pfgjdeu l@/erc-bﬁa%% @d)y uﬁﬂ@i‘““éé’ﬁﬂF‘t“P‘B %Vd%‘f“f‘? e fﬁ%‘““g fn the

internfe@ifitistitiptut: Glubcdtn. Fid6. Bt thk ct@ibidesnewTdae ot ia foro@ rddicl does not

contafd Qﬂﬁ%tcﬁ%é \9@ t<§ M;Qhu? @bdéﬂ%ll&! BRaeve tfmr ;%mstﬁgg H&mn%pgaéibr de @smon of the
imate the interface between E"g?t ective

r
socel B - JACEBIEG o TESB P AU Ut figeeds s fomed
compige@$igh tibestic hirstoh pggiapfitpilicn e@‘t:.;nvgedmagaemte{fg@c igh t@b@hgttatc and at

the indBac@lvith 4o m@x&m@od& hfémi)m;@ﬁnfgacg@déa%sa&@ia&fr@rz@m&hﬂam with both
erd%tetegt ive layer 70

the sulglﬂ.%Xte angd ?hc malrl 9 d %cncc, reguc n QXSS and]aasocaat
raded i tF on n’patlblllty
’3]Aff‘ﬁé?%’§?g %1%%@%@?‘?@“%@% éﬂgera%@gh %f’éqﬁfé@mﬂa@b%a@aswlmfmed Aspects
of thihafhethat igaed-atseite atinidah@yer dpolgagsallis sﬁﬁﬁnr%(b,d;&dv@alt Hg. 0K idebsiting
a iugﬂ (ﬂ%&)[ufc ggz@tant hlgtcltlah kfthé%}{ ’ sucthhig TE@T He 6;[] opﬁf’S%k Qa% thlarpt?epcun}{g another

uce out an attendant dr sadvanta eous i ncre
layer ?fﬁoiprc&éiglél@ceuh&%%} él‘httle hlgh[dngtncmciﬁ{dhLéxfateé}lrﬁ% dfkrslsflé)‘;lvtl moEftg { Ih%metal 90 is
then dgyrogigé ndspecrvehis eoindiment Siclhde fgositdglah ipitinl] Taumstrifdbed by A layer of Cu or
CuauE;} gs 8 through 12. Adverting to Fig. 8 processing is

[34|Ci\/[gqs tleq%n lgfjlf:mcntef? resuﬂ:m% Cﬁ sﬁrtéctl{regsrcl%lfjngt!ﬂ:aig'j iIh}?{rﬁgeidﬁrllS ISZ cbn(t)l?rli?{ng fnﬁ%l gate
clcctrqjg_tl@ e} & gg@leq cayamsttq ggle phg[mtj{gézder&gm;@iyin@qﬁyp@quqgragd at the interface with
subste@© VAN bd tRRbrfabydihofelaL@te cGot@8d B0 &'ﬁxﬁtkbantfyecﬁlhﬂei 48 aildNhehdd Breduces

defect; Qlelielg/te%an%qlieégc%d %{\M&Sl}t’ [ngbascd leléll§d er c%}rglg in Fi g. 9. In

e 1s formed which does
3 SIEﬁbctdw%ﬁfféhe ﬁre%eaaﬁwaﬁlpfb*ﬁch&a%@éOfda@uvt PR PREPRRRORT R AL 28 carbon
contaibie Iiyémpu.e.ot, ol ygidzergedcadumnyingaliydogn caeposibt if eutdfat. % to

about LQ. ‘@ltﬁ:%%%%t .t 8 g@&@o al B, %gfsafncéﬁk@ G enWrdsdhe ﬁ%ﬁ@oﬁ tz11$o include
odl ne ielectric is

amo %‘ﬁ%ﬂg’:"i?]‘ﬁgbﬁmﬁ nbcﬁre{ﬁ‘r%l t%zgfulx ?%na&es ﬁ‘g[ieg rlﬂan{, Ié'lff[fl%&} mtwfg?lﬁo hydrogen
concergiipfiqneaip o pbmceHtlr Wide dwerphoptiadipagt-ainfeaed widoh o be employed.
substrate and at the interface wwth the netal gate
el ectrode, thereby form ngJa graded gate dielectric
| ayer conpatible with both 25the substrate and the
netal gate and, hence, reducing stress and associ at ed
defects. [33] After renoving the original gate oxide
12, the graded high dielectric constant gate oxide is
formed. Aspects of this enbodi nent include depositing
an initial layer of polycrystalline silicon 81, shown
in Fig. 10, depositing a high dielectric constant

across amorp?lous Cci:l
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[34]CWP is then inplenmented resulting in the structure
schematically illustrated in 12 conprising netal gate
el ectrode 100. The graded conposite gate dielectric

“kﬁmemhgggpr|3|ng silicon concentrated at thectptehdasse,
5] ”JWF grcivntu': t%}mg_)g Bx%vxals nl@FleO%ﬁf{ Fna&mgé gbfngu n ngnnc rﬂg\E degi&ts %a\rmg

Ica ces st
transipter iyl werg saefleetdgs angd jgE¢ ews ‘ét‘i’a‘ﬁ‘l"‘i g rqr P"é‘dd)é‘?é“d‘“‘l%dfe senerdtion of
leakaid civi@U tThé RGEea S keblkagesuadnr sfeNicros{ @fg]aﬁtd‘b@ﬂle AR sotafive layer
onmé gog&ﬁagnt i nvention include the use of varlous types

phous car bon, such s cargﬁn cong ﬁg duct
137 1?1‘9 B‘FSG‘& é‘it’“‘“%“ gpors Y Aot Vd’t Bg Rty © &F‘%“é el P oghotor
devichpy dhepgemt igenoe vtprrdtadgnppifcatddio fibricBring temicdhdpatpr ddygesthaydi@ submicron

featui@d and e(‘lnbt‘ilygm ltﬁgﬂ b c@:@rﬁ Wld n@RlmBba 1eaet Qr@lpout 30 at. %

(381 In Htte) Iprchxous rrlc%cu 9%1 numcr.o{x) slpeé%lc] detatp\é%:’l(tf%gtgréar Zéhsag spcc&f; c maq%tals, structures,

chcmﬁtlt ﬂ’t?g‘-‘é‘ﬁ%ttﬁédmd’éﬂ”ﬁfbﬁ beﬂgfe\h‘é%tnti% Hellri BirgerainTPar o feeipthe prosent

mvenhgtdﬁrdgerhctéammae RickAal koQRe de@ilsl specififall@laoftth. 5i @0kr tn@and; &Il known
OyAr egens Ridbs9eNaL e LRF RN JTBYes@liS BosPBe the present

"mm oyetéém Y5 50807 SuebssnsrTasedt) 042870 | i‘Z] The oo

“W“% esent i nventi on provi des nethodol ogy enabling the

[39] Gl pedeieommb ofimegenfiihe pndutdiventioay bt @ &whaanplagpf its versatility are shown

and dt::{:@']@n%tc%éeny\tpﬁlnatﬂ?t ﬁ-lls tg@et B8k RE thatqdq)ses@ndveg@tl & @bl @tsuse in
vaztotfs 8&% conébmauonsr aencrl1 %nwmﬁt;'tcnts aud ts cg raﬁ %nltmn%egm :no%ﬁcgmnb Wl%m tp e scopc of the

meQGPW§@Heﬁwm@ﬁ“meacross the graded profile of the
protective |ayer on the gate oxide l|layer. 5[37] The
present invention enjoys industrial applicability in
the fabrication of various types of sem conductor
devi ces. The present invention is particularly
applicable in fabricating sem conductor devices having
subm cron features and exhibiting a high drive current
and mnim zed | eakage current. [38] In the previous
description, nunmerous specific details are set forth,
such as specific materials, structures, chem cals,
processes, etc., to provide a better understandi ng of
t he present invention. However, the present 10
i nvention can be practiced without resorting to the
details specifically set forth. In other instances,
wel | known processing and materials have not been
described in detail in order not to unnecessarily
obscure the present invention. [39] Only the
preferred enbodi nent of the present invention and but
a few exanples of its versatility are shown and
described in the present application. It is to be
understood that the present invention is capabl e of
use in 15various other conbinations and enviromments,
and i s capabl e of changes or nodifications within the
scope of the inventive concept as expressed herein.
d ai ns:



1. A sem conductor device conprising: a substrate

(10); a gate dielectric layer (12) on the substrate

(10); a protective layer (70) on the gate dielectric

| ayer (12); and a netal gate electrode (60) on the

protective layer (70); wherein, the

protective layer (70) has a graded conposition between

the gate dielectric layer (12) and the netal gate
Clagtsectrode (60), the gate dielectric layer (12)

conpri ses an oxi de, the protective | ayer

(70Y) corfpRérdieandaptongryrgsronwrigag:bon | ayer, and the

anmor phoysg gaghiemdyayer (70) contains netal carbides

decreasing in concentratlon fromthe netal gate

el ect r odedHBOFIcEEF G¥8r (1 REOiB SPPRIRE dAkbon | ayer (70)

to the %r@te@ﬂ@ed@ye( ) on #e%ate dlelectrlc layer (12 RRq et Al is
sel ected fr consi of "tantal um

ni ckel , adB‘Btél Qat%\ﬁlég‘FPSP)@aé’ﬁd’Fﬁ pr&?ﬂ?"‘f%‘éy%?@l car bi des
decr eas avHere (88 ptscti¥ RYerano) Mises hReBd WbhPoditft 1EBI&n the

o FEFETSh Ot Oh nifd SRR e T noL  carPon | ayer
| ayer (12 gate dielectric l@er ihpcaariseoaduritier device
accor di n%)to C

h h b
oyer (1 bR Ryt GG e &Y B R CarER e e
amctrhteaotgraan:twndeml(m iqegtaos rostyigeanhides déceensirgnd cohdanogidm. from
e et 1S BN L L5 5, 8588 00 A Bl iony ope

(12% and nm 4. A nmethod of manufacturing a

sem congyet.ap, @%\éleggd%ﬁpghg P&gt@ngikmgf%fltammﬁr Rlckal L DRait

protective |ayer
and gag)gadentimg agd Iﬂ’@y'@ﬁfabﬁarblﬁ@?r peasseciarn &R Ay %cHtem ioterface with

the H@Pé?@'éted@&@r%bé f(@ﬂ a@fos@ﬂ%@n@orblﬁ"&ﬁ%rca%o?ﬂ%rt(?@rlo 2@%@ % éxt an

heat i ng use netal fromthe nmetal” gate electro
'”te'if"f‘f"ced“”frht@eBaﬂ‘?é’r’"d@ﬁayéhﬂ?bhous carbon (70) to form netal

car bi des decr easi ng in concentration fromthe netal

gate el ggtrode ﬁ across the anorphous carbon | ayer

to 2t he £ seqiee qudgwpea)?@q;or@@@)to claim 1, wherein the arnforphous

carbon fayer (70) contains at least one element selected from the group consisting of

oxygen, silicon and nitrogen.

3. The semiconductor device according to claim 1, wherein the protective

layer (70) has a thickness of 1 to 5 nm.

4. A method of manufacturing a semiconductor device according to claim 1,

wherein the protective layer (70) is formed by:

depositing a layer of amorphous carbon by chemical vapour deposition or
atomic layer disposition; and

heating to diffuse metal from the metal gate electrode into the layer of
amorphous carbon (70) to form metal carbides decreasing in concentration from the
metal gate electrode (60) across the amorphous carbon layer to the gate dielectric layer
(12).



